Background: Luteal phase support with GnRH agonist administration has been shown to be effective in improving the outcome of assisted reproductive technology. The goal of this study was to evaluate the effect of single dose Triptrolin (a GnRH agonist) on the probability of the clinical pregnancy rate following embryo transfer (ET) in assisted reproductive techniques (ART). Methods: In this double blinded randomized clinical trial, 340 infertile women who were candidates for intra-cytoplasmic sperm injection (ICSI) were randomly assigned to receive GnRH agonist (Triptrolin) in the luteal phase or placebo. In the intervention group, 0.1 mg Triptrolin was injected subcutaneously, while the control group received normal saline. The clinical pregnancy and implantation rate were compared between the two groups using chi-2 and t-test. P-values less than 0.05 were considered significant. The registration number of this clinical trial is IRCT 2014030916912N1. Results: Administration of 0.1 mg Triptrolin on day 6 after oocyte pick up showed no superiority over placebo in implantation (16.9% -14%, P = 0.40) and clinical pregnancy rates (32% -29%, P = 0.66), but the rate of clinical pregnancy was higher in women who were below 27 years of age and those with PCO. Conclusion: Administration of Triptrolin was not superior to placebo for luteal phase support.
Introduction
Luteal phase defect (LPD) either results from deficient P4 (progesterone) secretion or suboptimal responsiveness of the endometrium to normal P4 secretion [1] . The main reasons for LPD are proposed to be adverse effects of controlled ovarian stimulation (supraphysiological steroid levels, endometrial advancement), loss of LH pulsatility, and depletion of granulosa cells according to follicle aspiration [2] [3] . Previous studies have showed that luteal phase support is effective in improving the ART outcome [4] [5] . There is a need for more drugs to increase the endometrium receptivity and produce endogenous progesterone to support the luteal phase and increase the pregnancy rate.
In recent years, administration of GnRH agonists (Triptrolin) for luteal phase support in patients undergoing ART cycles has been considered as a favorable option [6] [7] . GnRH agonists induce LH (luteal hormone) secretion by the pituitary cells; therefore, the corpus luteum function could be supported [8] . On the other hand, GnRH agonists (Triptrolin) can modulate the endometrial receptors of GnRH and improve the implantation rate [9] [10] . However, limited studies have evaluated the effects of GnRH agonist administration for luteal phase support. We designed this randomized double blind controlled trial to evaluate the effect of the single dose of a GnRH agonist (Triptrolin) for luteal phase support on the probability of clinical pregnancy rate following embryo transfer (ET).
Patients and Methods
The study protocol was approved by the Ethics Committee of Tehran University of Medical Sciences and was registered in Iranian Clinical Registry database (IRCT 2014030916912N1).
All patients were asked to fill in an informed consent form. The physicians that evaluated the pregnancy outcome and patients were blind to the patient groups.
The study population consisted of all infertile couples who wished to undergo intracytoplasmic sperm injection (ICSI) for the first time at Omid Clinic, Tehran, between June and December 2014. During this time period, 340 eligible cases were recruited and randomly assigned into intervention or control group. Couples selected for an ICSI attempt using antagonist ovarian stimulation protocol were randomized between a luteal-phase GnRH agonist (Triptrolin) group and a placebo group. We randomly allocate our groups by Excel software using Rand Between order. Sealed envelopes with treatment allocation instructions were opened on the day of embryo transfer by a nurse to assign participants to their groups. The gynecologist and the embryologist team performing the ART were blinded to group assignment.
In the intervention group, women were given a single dose of a GnRH agonist (Triptrolin) 6 days after ICSI (3 days after embryo transfer) and the other group received placebo at the same time after ICSI.
The clinical pregnancy rate was chosen as the main outcome measure. The sample size was calculated to detect differences in the clinical pregnancy rate from 30% to 45%. Assuming a significance level of 0.05 and a statistical power of 80%, it was calculated that 170 patients were needed in each group to detect the increase.
Participants
Three hundred and forty couples were enrolled in this study (Figure 1) . The inclusion criteria were normal responder and PCO Syndrome (evidence of hyperandrogenemia or hyperandrogenism with ovulation disorder not attributed to other causes) [1] [11] [12] . Exclusion criteria were ART with donation gamete, azospermia, poor responder defined as female age more than 40 years, antiMüllerian hormone (AMH) less than 1.1 ng/mL, uterine fibroma with pressure effect on the endometrium or sub mucosal myoma, a history of myomectomy, and a history of any previous IVF/ICSI trial.
In addition, the patient was excluded from the study if she showed symptoms of ovarian hyper stimulation syndrome (OHSS) at any time during the procedure. OHSS was diagnosed with an estradiol level >4000 pg/ml, ovaries 6 -12 cm, and ascites by ultrasound [1] [11] [12].
Ovarian Stimulation
At the beginning, all cases were evaluated by primary Transvaginal ultrasound and serum measurements of FSH, LH and anti-Müllerian hormone (AMH) on the 3rd day of the menstrual cycle.
GnRH Antagonist Protocol
Recombinant human FSH (Gonal-F, Serono, Aubonne, Switzerland) was started on day 2 of menstrual bleeding following withdrawal of contraceptive pills (Iran Hormone Co., Iran) administered during the cycle preceding ovarian stimulation. The starting dose of rFSH was chosen according the patients' age, ovarian reserve and BMI, but further doses were determined according to subsequent ultrasound results and continued with Hmg (Menogon, Ferring, Germany). A GnRH antagonist (Cetrotide, Serono, Switzerland) was started on day 5 of gonadotropin therapy and continued at a daily dose of 0.25 mg until the size of at least two dominant follicles reached ≥18 mm in diameter; then, 10,000 IU HCG (Choragon, Ferring, Germany) was administered intramuscularly.
Assisted Reproductive Techniques (ARTs)
Oocytes were retrieved 36 hours after HCG injection and the metaphase II oocytes were selected to ICSI. All embryos were graded on day 3 according to the Istanbul Global Consensus Scoring System [12] .
Embryo transfer was performed 3 days after ICSI using a Cook embryo transfer catheter (Cook Medical Inc, USA). A maximum of three embryos were transferred under clinical touch ET.
Luteal-Phase Supplementation
Three days after ET or 6 days after ICSI, 0.1 mg Triptrolin was injected subcuta-neously for patients in the intervention group while the women in the control group received normal saline. For all cases, 25 mg intramuscular progesterone daily (Aburaihan Co., Tehran, Iran) was injected and 800 mg vaginal progesterone (Cyclogest, Cox, pharmaceutical, Branstaple, UK.) was administered until the fetal cardiac activity was detected. Then, vaginal progesterone was administered until 12 weeks gestation. Embryos were graded according to 
Outcome Measures
The serum level of β-hCG was measured 15 days after the ET procedure. The primary outcome measures were the clinical pregnancy rate and implantation rate. Control trans-vaginal sonography was performed at 6 weeks gestation.
Clinical pregnancy was defined by the presence of a gestational sac with fetal heart rate (FHR) at 6 weeks gestation.
The implantation rate was calculated as the number of observed gestational sacs per transferred embryo. The abortion rate was defined as the loss of pregnancy under 20 week's gestation. Any pregnancy beyond 20 weeks gestation was considered as an ongoing pregnancy and calculated per patient undergoing embryo transfer.
The fertilization rate was defined as the proportion of all acquired embryos to all injected oocytes (MII).
Statistical Analysis
The differences between groups were assessed by Chi-2 test or Fisher's exact tests for categorical variables and by Mann-Whitney U-test for continuous variables. Multivariate logistic regression analysis was used for assessing the relationships between different variables and the clinical pregnancy rate. Adjusted odds ratios (OR) and their 95% CIs were calculated. The level of significance was set at 0.05.
Results
Infertile couples continued to be assessed for eligibility until at least 162 patients Table 1 . Consensus scoring system for cleavage-stage embryos (in addition to cell numbers). were eligible in both the treatment and the placebo arm as shown in Figure 1 .
The patients in the intervention and placebo groups did not differ in their basic demographical characteristics. The implantation and clinical pregnancy rates were not higher in intervention than placebo groups ( Table 2, Table 3 ).
As shown in Table 4 , after adjusting for different variables, a positive personal history of PCO (adjusted OR = 2.46; 95% CI: 1.18 -5.13) and age below 27 years (adjusted OR = 2.51; 95% CI: 1.13 -5.56) were the strongest variables related to the clinical pregnancy rate.
Discussion
The results of our study showed that the pregnancy rate did not increase with the administration of a single dose of a GnRH agonist (Triptrolin) in the luteal phase of ovulation stimulation cycles using antagonist protocols for IVF when compared with placebo. However, the clinical pregnancy rate increased by 2. Values are mean ± SD. The differences between the two groups are not significant (P > 0.05) except estradiol level. Winslow in 1992, pituitary suppression is finished approximately one week after the last Buserelin injection [17] . Moreover, in 1996, Weisman et al. reported that the serum βHCG level was detectable for up to one week after intramuscular injection of 10,000 units of HCG [18] . Considering the absence of LH and HCG to stimulate their receptors on the corpus luteum after oocyte pick-up, there is a need for a drug to stimulate LH from the pituitary gland. Moreover, these researchers emphasized the presence of GnRH receptors on the endometrium and embryo and believed that GnRH agonist injection increased the receptivity of the endometrium and the dialogue between the embryo and the endometrium, leading to increased implantation. However, a study by Ata et al. failed to show an increase in the clinical pregnancy rate following GnRH agonist injection 6 days after ICSI [3] , which was in line with our finding. Ata proposed low dose GnRH agonist as the reason and argued that a medicine should have a longer half-life to create an appropriate blood level for stimulating LH secretion from the pituitary gland and GnRH receptor stimulation in the embryo and endometrium.
A study by Pirad in 2006 showed that the duration of the luteal phase was associated with the number of GnRH agonist (Buserelin) administrations in the luteal phase [19] .
In patients who underwent ovulation stimulation in the antagonist cycle, triggering was done with 200 μg Buserelin intranasally; in these patients, 100 μg Buserelin was injected every 2 days, every day, twice a day, and three times a day in the luteal phase. The results showed LPD in patients who received 100 μg Buserelin every 2 days and every day. Although the number of patients in each group was low, Pirad et al. showed that the duration of the luteal phase in patients who received 100 μg Buserelin 3 times a day was similar to patients who were triggered with HCG and used vaginal progesterone for luteal phase support [19] . from the hypophysis indirectly and also directly binds to GnRH receptors on the corpus luteum and increases progesterone. We did not measure the progesterone level in the luteal phase, which was a limitation of our study. On the other hand, there are GnRH receptors on the endometrium and embryo but the effect of Triptrolin on them is a matter of debate considering its short half-life (3 -4 hours) [3] . Therefore, it is recommended to perform a larger multicenter study to evaluate its effects on PCO patients. Moreover, studies should be conducted to evaluate the direct effect of intrauterine GnRH injection on the embryo and endometrium in the freeze cycle or the effect of administering Triptrolin at higher doses for longer periods in the fresh cycle.
